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Quantum mechanical model explains about the various kinds of atomic orbitals that are different in the amount of energy and 
shapes and classical electrostatics is the stationary electric charges. The charges are defined as positive and negative. 
This paper discusses about Quantum mechanical and semi-classical electrostatic in a cross section (perpendicular) of a two 
dimensional trigate structures; its characteristics such as Quantum electron density, Classical electron density, classical potential 
distribution plots, its 6 wave functions for two different grids values are presented. 
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1. INTRODUCTION 
Matter starts to perform differently in Quantum Mechanics. Its performance is so counter intuitive that it can be represented with 
symbols and equations. For example electron behaves like particle and a wave? Or electron does not exist in any one particular 
location and is spread throughout the entire atom? That is the reason we need equations to represent it. 
 The problem with Bohr’s model was electrons was treated as particles that existed in precisely defined orbits. But Erwin 
Schrödinger theorized the performance of electrons within atom can be better explained by treating them as matter waves 
mathematically. Hence known as Quantum Mechanical Model. [1] 
 
 
Fig. 1. Illustratesthe general shapes of s, p, d, and f orbitals. Image credit: UCDavis Chemwiki, CC BY-NC-SA 3.0 US [1] 
1.1 QUANTUM DEVICE LITERATURE REVIEW 
Because of quantum confinement of carriers in a thin silicon, the minimum energy for electrons in the conduction 
 
 
Quantum Mechanical and Semi-Classical Electrostatics 




Department of Electrical Engineering,Alumnus of University of Bridgeport, Bridgeport, United 
States; mmitra@my.bridgeport.edu 
  Innovative Engineering and Physical Sciences (IEPS)                                                                                                                                                            
                           
Volume 2, Issue 1 available at www.scitecresearch.com/journals/index.php/IEPS                                                                         35 
bandincreases when the thickness of silicon layer is reduced. [3] 
 
Fig. 2. Illustrates two dimensional Trigate structure for Silicon on Insulation (SOI) [Image Credit Reference No 5] 
 
1. DEVICE SIMULATION 
The cross section of Quantum Mechanical and semi-classical electrostatics on SOI Trigates was implemented. [4, 5] 
a. Quantum Mechanical and semi-classical electrostatics for grid value 10 
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Fig. 3. Illustrates Quantum Electron Density 
 
TABLE I 
DATA OF QUANTUM ELECTRON DENSITY 
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Fig. 4. Illustrates Classical Electron Density 
 
TABLE II 
DATA OF CLASSICAL ELECTRON DENSITY 
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Fig. 5. Illustrates Classical Potential distribution 
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TABLE III 
DATA OF CLASSICAL POTENTIAL DISTRIBUTION 
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Fig. 6. Illustrates First Wave Function distribution 
 
TABLE IV 
DATA OF FIRST WAVE FUNCTION DISTRIBUTION 
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Fig. 7. Illustrates Second Wave Function distribution 
 
TABLE V 
DATA OF SECOND WAVE FUNCTION DISTRIBUTION 
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Fig. 8. Illustrates Third Wave Function distribution 
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TABLE VI 
DATA OF THIRD WAVE FUNCTION DISTRIBUTION 
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Fig. 9. Illustrates Fourth Wave Function distribution 
 
TABLE VII 
DATA OF FOURTH WAVE FUNCTION DISTRIBUTION 
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Fig. 10. Illustrates Fifth Wave Function distribution 
 
TABLE VIII 
DATA OF FIFTH WAVE FUNCTION DISTRIBUTION 
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Fig. 11. Illustrates Sixth Wave Function distribution 
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TABLE IX 
DATA OF SIXTH WAVE FUNCTION DISTRIBUTION 
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b. Quantum Mechanical and semi-classical electrostatics for number of grids value 50 
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Fig. 12. Illustrates Quantum Electron Density 
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Fig. 14. Illustrates Classical Potential Distribution 
 
  Innovative Engineering and Physical Sciences (IEPS)                                                                                                                                                            
                           
Volume 2, Issue 1 available at www.scitecresearch.com/journals/index.php/IEPS                                                                         59 
 
Fig. 15. Illustrates First Wave Function Distribution 
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Fig. 16. Illustrates Second Wave Function Distribution 
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Fig. 18. Illustrates Fourth Wave Function Distribution 
 
Fig. 19. Illustrates Fifth Wave Function Distribution 
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Fig. 20. Illustrates Sixth Wave Function Distribution 
 
2. RESULTS 
Results for Grid with height and width of value 10 
1. Quantum Electron Density (Fig 3) for Quantum Mechanical and Semi-Classical Electrostatics Characteristics on SOI 
Trigates is plotted and resultant data is documented in the Table I 
2. Classical Electron Density (Fig 4) for Quantum Mechanical and Semi-Classical Electrostatics Characteristics on SOI 
Trigates is plotted and resultant data is documented in the Table II 
3. Classical Potential Distribution (Fig 5) for Quantum Mechanical and Semi-Classical Electrostatics Characteristics on 
SOI Trigates is plotted and resultant data is documented in the Table III 
4. First, Second, Third, Fourth, Fifth and sixth wave function distribution (Fig 6, 7, 8, 9, 10, 11) for Quantum Mechanical 
and Semi-Classical Electrostatics Characteristics on SOI Trigates is plotted and resultant data is documented in the 
Tables IV, V, VI, VII, VIII, IX respectively. 
 
Results for Grid with height and width value of 50 
5. Quantum Electron Density (Fig 12) for Quantum Mechanical and Semi-Classical Electrostatics Characteristics on SOI 
Trigates is plotted 
6. Classical Electron Density (Fig 13) for Quantum Mechanical and Semi-Classical Electrostatics Characteristics on SOI 
Trigates is plotted. 
7. Classical Potential Distribution (Fig 14) for Quantum Mechanical and Semi-Classical Electrostatics Characteristics on 
SOI Trigates is plotted. 
8. First, Second, Third, Fourth, Fifth and sixth wave function distribution (Fig 14, 15, 16, 17, 18, 19) for Quantum 
Mechanical and Semi-Classical Electrostatics Characteristics on SOI Trigates is plotted respectively. 
3. CONCLUSION 
One of vital usage of Quantum Mechanical and Semi-classical electrostatics is to calculate current in trigate. The minimum 
energy of sub-bands and the threshold voltage increases as the cross sectional area of the semiconductor device is decreased 
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and the electron concentration in the channel is increased. The current is decreased especially in the devices with the very 
small cross sections. [3] 
This paper depicts visual representation of Quantum electron density, classical electron density, classical potential 
distribution, six wave function distribution and its resultant data is presented. 
4. AUTHOR NOTES 
Resultant data Table for Grid with height and width value 50 are omitted in this paper due to very large numbers. 
5. NOMENCLATURE  
a. Quantum Mechanical and semi-classical electrostatics for grid value 10 
1. Gate Voltage: 1V 
2. Width (WSi): 10nm 
3. Height (HSi): 10nm 
4. Number of Grids along width and height: 10 
5. Gate Oxide Thickness (Tox): 2nm 
6. Buried Oxide Thickness (TBox): 20nm 
 
b. Quantum Mechanical and semi-classical electrostatics for grid value 50 
1. Gate Voltage: 1V 
2. Width (WSi): 10nm 
3. Height (HSi): 10nm 
4. Number of Grids along width and height: 50 
5. Gate Oxide Thickness (Tox): 2nm 
6. Buried Oxide Thickness (TBox): 20nm 
 
c. General Conditions: 
1. Room Temperature: 300K 
2. Metal Gate Work Function: 4.61(eV) 
3. Substrate Doping: Na=1.0e12 Nd=1.0e10 
4. Orientation of a plane for the oxide interface and cross section:100 
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